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© Time division switch. 

@ The invention concerns Asynchronous Time Di- 
vision Switches particularly for packet switching. In 
one embodiment a switch has 256 ports running at 
155 M bits and is capable of switching Incoming 
data ceils at each of the input ports to any one of 
256 output ports. At each input port a switch se- 
quentially distributes the received data cells over 16 
outputs each of which is connected to a different 
OMR circuit. There are 256 DMR circuits each hav- 
ing 16 inputs and 16 outputs. A DMR circuit is a 
fixed space switching device which has N inputs, N 
time intervals and N outputs and operates cyclically 
so that each input goes to each output for 1/Nth of 

a the time. The inner stage of the ATD switch com- 
prises 256 central switches each having 16 inputs 
and 16 outputs. Each central stage switch has its 16 
2 inputs connected to 16 different DMR circuits. The 
C^J fourth stage of the switch consists of another array 
M of 256 output DMR circuits with each central switch 
J§ being connected to 16 different output DMR circuits. 
CO Each output DMR has its outputs connected to 16 
Q different output ports. The internal circuitry of the 
ATD switch runs on 20 M bits. When a data cell is 
■received at an input port its destination is derived 
'from a header attached to the cell. Control circuitry 
enables the receiving port to request three address 


UJ 


to query three possible routes through the switch. 
The ability to provide this series of questions is 
given by staggering the windows through which an 
output port can communicate with the central switch- 
es. Although data streams are received asynchro- 
nously the operation of the ATD switch is synchro- 
nous. 

The embodiment described has a number of 
advantages: 

Firstly the design of the ATD switch is synchronous, 
thus permitting two planes to be run in dual synchro- 
nous mode to check for failures. The switch switches 
data at a lower rate than that it receives by spread- 
ing the data out over many central stages. Control is 
only needed at the received part of the switch, the 
ceils are then self routing, with multiple central 
routes. The ATD switch is thus self routing. Further- 
more the switch has both variable cell routing and 
ceil sequence integrity. This is a very unusual com- 
bination, but is highly desirable. The ATD switch 
does not require very high technology to make it 
work, it being capable of being made with to-day's 
technology. Another advantage is that in the ATD 
switch described the delay on cells is built from 
three elements, a FIXED delay depending on the 
port numbers (0 to 256 us), a pure ATD output 
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contention delay (0 to 105 us. ail ATD switches have 
this), and a very small input delay (0 to 10 us). Most 
switches hav many stages each exhibiting the ATD 
output contention delay. 

Finally the switch is potentially capable of 
switching non ATD, synchronous traffic. Mixed mode 
of operation is possible. 

Fig.2. 
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TIME DIVISION SWITCH 


The present inv ntlon concerns what are 
known as Asynchronous Time Division Switches. 
Such switches will hereinafter be referred to as 
ATD switches. 

ATD switches are used in digital data transmis- 5 
sion systems to receive multiplexed data streams 
and to distribute the incoming data streams to 
requisite output ports. 

The present invention is pariculariy. but not 
exclusively concerned with ATD switches for carry- io 
ing out packet switching. In a packet switching 
system each incoming data stream consists of a 
sequence of what are known as cells, each cell for 
example consisting of 32 bytes of data and a 
header containing control data from which the des- rs 
tination of the ceil can be determined. Typically for 
a 32 byte cell the headers will be 4 bytes long. 
However, neither the cell nor the header length are 
of fundamental importance to the operation of ATD 
switches. 20 

As the rate of data transmission and the vol- 
ume of digital traffic to be handled by digital trans- 
mission systems is continually increasing the prob- 
lems of switching data streams becomes increas- 
ingly complex. 26 

The present invention Is concerned with provid- 
ing an ATD switch which is capable of handling a 
substantial number of input data streams and yet 
which uses currently available technology. 

Accordingly from one aspect the present inven- 30 
tion consists in an asynchronous time division 
(ATD) switch for handling a plurality of 'asynchro- 
nous serial data streams having sequential data 
cells, the ATD switch comprising a plurality of input 
ports each capable of receiving a data stream, and 35 
a plurality of output ports each capable of transmit- 
ting a data stream, and wherein the ATD switch 
includes a central^ stage providing a multiplicity of 
paths by means of which each data cell received 
can reach its required output port, the central stage 40 
providing both synchronous switching' between the 
input and output ports and a fixed delay for any of 
the possible paths by which a given input cell can 
pass through the ATD switch from an input port to 
an output port. 46 

From a second aspect the invention consists in 
an ATD switch for handling a plurality of asyn- 
chronous serial data streams having sequential 
data cells at a first frequency, the ATD switch 
comprising a plurality of input ports each capable so 
of receiving a data stream and distributing the cells 
of that stream over N outputs, where N is an 
integer, each output being connected to an individ- 
ual DMR circuit as hereinafter defined, the DMR 
circuits having N inputs and N outputs each output 


of each DMR circuit being connected to one of a 
plurality of central stage switches in such a manner 
that each input port has access to all central stage 
switches over a switch cycle period defined by the 
cycle time of the DMR circuits, and wherein the 
central switches are connected to a plurality of 
output ports. 

Basically DMR stands for Demultiplex - Mix - 
Remultiplex and a DMR circuit is a fixed space 
switching device which has N inputs. N time inter- 
vals and N outputs and operates cyclically so that 
each input goes to each output for 1/Nth of. the 
time. As the DMR stages have a simple space 
switching function for serial streams they do not 
add any delay to the switching time. 

Preferably there are the same number of input 
ports, DMR circuits, central switches and output 
ports. 

According to another feature of the invention 
each central switch has N outputs each connected 
to an individual one of a set of output DMR circuits 
similar to the input DMR circuits, each output DMR 
circuit having one of its N outputs connected to an 
output port with each output port having N inputs. 

In accordance with a still further feature of the 
invention the rate of data transmission within the 
ATD switch is slower than that of the incoming and 
outgoing data streams. 

In order that the present invention may be 
more readily understood an embodiment will now 
be described by way of example and with refer- 
ence to the accompanying drawings, In which:- 

Figure 1 is a schematic diagram of an em- 
bodiment of an ATD according to the present in- 
vention, 

Figure 2 is a block diagram showing a very 
simplified ATD switch according to the present 
invention, 

Figure 3 is a block diagram of the receive 
and transmit outer stages of the switch, and 

Figure 4 is a timing diagram showing timing 
sequences in the operation of the ATD switch. 

Figure 5 is a timing diagram showing how 
routing data within the switch can be derived, 

Figure 6 is a block diagram of a control 

stage. 

Referring now to Figure 1 of the drawings this 
shows a single input port and associated switch 10 
of an ATD switch constructed in accordance with 
the present invention. The port 10 is connectable to 
a set of central switches 20 in turn connectable to 
an output port 30. The input port is part of a set of 
similar input poets. Each input port receives a data 
stream which consists of a sequence of multi-byte 
ceils, each cell having a header from which the 
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destination of the cell can be derived. When a cell 
and its header is received by an input port the 
switch associated with that port distributes the cells 
sequentially over a number of outputs. Each output 
of each input port 10 is connected to what will 
hereinafter be referred to as a DMR circuit. These 
circuits are not shown in this figure. 

Each of the input DMR circuit in turn has its N 
outputs connected to an equivalent number of dif- 
ferent central switches 20 which forms the central 
stage of the ATD switch. Each central switch has 
the same number of inputs as each outer switch 
and DMR circuit has outputs. It also has the same 
number of outputs each of which is connected to a 
DMR circuit similar to the Input DMR circuits. In 
fact the complete ATD switch is effectively sym- 
metrical about the central stage 20 as the output 
DMR circuits are each in turn connected to N 
output switches and associated ports. 

In the format being described there are equal 
numbers of input switches, input DMR circuits, 
central switches, output DMR circuits and output 
switches. Thus in a symmetrical ATD of the kind 
being described there will be X input switches, X 
central switches, 2X DMR circuits and X output 
switches with X being an integer multiple of N. 

The result of this symmetrical arrangement is 
that each input port 10 has access to all of the 
central switches 20 for a period or window depend- 
ing on the internal parameters of the complete ATD 
switch. Furthermore for any cell arriving at an input 
port there are a possible X routes across the switch 
to its intended output port. 

In the present embodiment there are 256 input 
ports and 256 output ports with N = 16. The 
incoming data streams are at 155 M-bits and the 
internal circuitry of the switch such that the DMR 
stages and central switches run at the slower rate 
of 20 M bits. As the DMR stages have a 16 unit 
cycle this gives an Internal frame cycle of 16 so 
that over every 1 6 internal frame cycles each of the 
256 input ports 10 is connected to each of the 256 
central switches for a period sufficient for it to pass 
a single cell of an incoming data stream. Each ceil 
is 32 bytes long and has an associated header 4 
bytes long. 

The central switches 20 each have 16 outputs 
which are connected to 16 individual DMR output 
circuits. These output DMR circuits are identical in 
structure and operation to the input DMR circuits 
and each DMR output circuit is connected to 16 
output ports 30. Thus any cell in any data stream 
input at an input port has a possibility of 256 routes 
to its possible destination. Also there are no prob- 
lems of sequencing the cells as they will always 
arrive at the output side of the ATD switch in the 
same order as they arrived "at the input side. This 
sequencing is one result of the constant central 


stage delay for a cell transmit! d across the switch 
and is an important factor. 

In the embodim nt being described the basic 
incoming cell size of 288 bits (32 + 4 octets) is 

5 extended up to 320 bits to give a 32 bit control 
capability to enable the central switching stage to 
handle the routing of individual cells. 

Referring now to Figure 2 of the drawings this 
block diagram shows in slightly greater detail the 

io arrangement of outer input stage, input DMR cir- 
cuit, central switching stage, output DMR circuit 
and output stage. In this Rgure the first outer input 
stage, numbered 0, is shown at 10 and the last 
Input stage, numbered 255, is shown at 10'. Only 

T5 one output line 11 is shown for each input stage 
but there are in fact, as already described, 16 
outputs per input stage with each output going to a 
different DMR. The 256 DMR circuits 15 are thus 
each connected to 1 6 of the input stages and have 

20 16 outputs each connected to different central 
switches 20. Each central switch has 16 inputs and 
1 6 outputs and each of its outputs is connected to 
a different output DMR circuit 25, with the DMR 
circuits 25 each being in turn connected to 16 

25 output stages 30. 

Rgure 3 of the drawing shows an outer input 
stage 10 and an output stage 30 in greater detail. 

An input data stream consisting of sequential 
data cells each having an associated header is 

30 received at 50 with a suitable line termination 51. 
The received signal is passed to a header transla- 
tion circuit 52 which under the control of a suitable 
processor translates the cell headers so that their 
destinations can be determined. 

35 The timing of the cell frames is arranged so 

that they are staggered both on output of the input 
stage and on receipt at the central stage. This Is 
done so as to ensure that each outer stage switch 
has the undivided attention of a central stage for a 

40 period of time or window. The switches use their 
windows to determine the capability of the central 
stage to hold and then transmit a cell to a given 
output port. This staggering can best be appre- 
ciated from the timing diagram shown in Rgure 4 

46 of the drawings. This figure shows the sixteen 
outputs of a single outer stage switch of the kind 
shown in Rgure 3. As described in operation the 
input data stream is distributed cell by cell over 16 
outputs each connected to a DMR stage. These 

so outputs are shown at 0 - 15 and Window 0 means 
that there is an opportunity for the first cell in the 
data stream to be sent to central switch 0 and so 
on. Without the staggering of the windows through 
which cells can be transmitted across the switch it 

55 would be extremely difficult for the switch to func- 
tion. 

As already mentioned each cell has a multiplic- 
ity of pot ntial routes available to it across the 
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switch. However when the switch is actually han- 
dling a load some of the routes will inevitably be 
occupied by cells of data from other input stages. 
In order to be able to determine a rout through 
the switch the control protocols of the switch en- 5 
able three queries to be put to the central stage to 
try to route these cells across the latter. This can 
best be appreciated from the timing diagram of 
Figure 5. The upper part of this figure shows the 
timing between the outer stage (RX) and the cen- jo 
tral stage and the lower part the timing between the 
central stage and the transmit stage (TX). As al- 
ready mentioned the internal cell size of the ADT 
switch is 320 bits and this is also the size of the 
individual windows shown in Figure 4. The 32 bits is 
added to the initial 288 bit ceil are used as follows 
in the determination of the cells route: The first 8 
bits are labelled AD1 in Figure 5 and represent the 
first requested address. The next 2 bits labelled AV 
are address validation bits. The next 8 bits (AD2) 20 
are for the second requested address and the 
subsequent 8 bits (AD3) for the third requested 
address. The remaining 6 bits of the extra 32 bit 
control capability are spare. Figure 5 also shows 
that the first 20 of these 32 extra bits occur before 25 
the switches have to start sending to the central 
stage. It can thus be seen that the control function 
at the outer stage of the ADT switch can attempt to 
route three cells at a time to the central stage. The 
number of queries available can be varied in accor- 30 
dance with the internal protocols of the switch. 

Thus in the embodiment being described the 
control function of the switch holds, for each of the 
switches in the output stage, the top three different 
ceil addresses in a FIFO (First In, First Out) circuit 35 
53. This circuit 53 operates under the control of a 
path finder and control circuit 54 which receives an 
address accepted signal from an outer stage of the 
ADT switch on a line 55. On the path finder and 
control circuit receiving confirmation that a selected 40 
address Is avaiiabie it causes the appropriate cell 
to be transmitted via a cell sender circuit 56 to the 
next of the 16 outputs of the outer stage switch for 
transmission to the DMR circuit connected to that 
output. 45 

The outer stage 30 has 16 cell receiver circuits 
60 corresponding to the 16 cell sender circuits of 
the input stage 10. A circuit 61 extracts and checks 
the addresses of the received cells and controls 
the transmission of the received cells from a FIFO so 
store 62 into which they have been fed by the 
receiver circuits to a line transmission circuit 63 for 
onward transmission. 

Figure 6 of the drawings shows in a diagram- 
matic form a central stage switch. The switch is 55 
generally shown at 100 with one of the 16 input 
DMR stages connected to it at 101 and one of the 
16 output DMR stages to which it is connected 


shown at 102. The central stage switch 100 has 16 
receiver stages of which one is shown at 103. It 
also includes a circuit 104 which determines wheth- 
er or not there Is space for each cell as it is 
received at a receiver. The received cells are 
stored in a cell store 105 with a capacity of 16 
cells, one cell for each of the output DMR stages to 
which the centra] switch Is connected. Cells stored 
in the cell store 105 are released under the control 
of the circuit 104 to the appropriate ones of 16 
sender stages for transmission to the DMR stages 
connected to that particular central stage switch. 

The degree of complexity in the device of cells 
to route can be increased considerably over the 
example given. However in practise this may not 
give corresponding improvements in operation. 

It will be appreciated that the operation of the 
ATD switch as described means that there is a 
fixed delay in the switching of a cell between any 
input switch and any output switch even though 
each cell has a potential of 256 routes across the 
entire switch. These routes are only avaiiabie in a 
timed sequence and once a free central switch has 
been located by the queries already described, 
then the passage time of the cell across the switch 
will be constant. 

In 'determining the operation of the ATD switch 
just described the question of priority is important. 

There can be two interpretations of priority, 
namely priority in access across the network and 
priority against cell discarding. These two objec- 
tives will now be considered separately. 

a) Priority of access, this Is equivalent to 
queue jumping at the input and output FIFO cir- 
cuits 53 and 62. Due .to the small size it is probably 
not worth doing at the input stage. 

b) Priority against discarding. This is simply 
done by discarding lower priority cells first. 

Broadcast is a very complex issue with respect 
to ATD paths. Some ATD switches can not broad- 
■ cast at ail. In general it is believed that there is 
very little if any need for broadcast for ordinary 
telephony applications. This design of switch can 
do a limited broadcast by sending the ceils from 
the input stage separately to more than one des- 
tination. 

In the embodiment described the only parts of 
the switch that needs to be externally controlled is 
the outer stage containing the input ports. This has 
to translate the incoming virtual circuit identities 
contained in the cell headers to the outgoing virtual 
circuit identity and port number. The port number 
Is then used to self route the cell across the entire 
ATD switch to the output side. This greatly simpli- 
fies the external control function required. The con- 
trol required consists of the establishment and 
maintenance of a header translation table to map 
the incoming cell information to the outgoing ceil 
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information and its address. This can be carried out 
with a conventional, processor. 

As the ATD switch operates synchronously, It 
is practical to duplicate it and let th outgoing line 
side check for errors between the two planes. 
There Is spare bandwidth between the central 
stage and the output stage, this can be used to 
send to the output stage the address of the input 
stage that the cell was received from and this may 
be used to perform a reverse translation and so 
check that the cell is expected from that source. 

Failed central switches may be masked out by 
suitable control of the outer switches to mask out 
the inputs from the central switch to never say 
address valid. 

With synchronous operation between two 
planes of the switch, simple error checking can be 
performed, but there are problems with bringing a 
system back into synchronisation due to the way in 
which the system is not deterministic. However 
having looked at the way in which it handles traffic, 
it would appear that unless the system is very 
highly loaded, it should synchronise itself without 
any outside intervention, if it is given long enough. 
The larger the traffic load the longer it will take. 
This may be several thousand cells, but in practise 
the time this takes will be just a few seconds. 

The main reason for this will be queue delay at 
the output side of the switch. If is always possible 
for the system to be overloaded. This overload is 
likely to be too many cells for a given output port. 
A suitable discarding algorithm is to not add to the 
output FIFO any cell that can not be added to it. 
The reason for this is that a ceil that cannot fit in is 
likely to have waited a long time at the input side, 
and is going to have a long wait at the output side, 
and hence will suffer from a long delay. 

At the input side it is possible for the FIFO's 53 
to get overloaded, but less likely, there Is not a 
clear cut case for throwing away any of the cells, 
but given the simplicity, it is suggested that the cell 
at the head of the queue is discarded. This will 
tend to discard cells which are destined for con- 
gested output ports and give new cells which do 
not have output congestion an opportunity of being 
switched. Modelling has shown that the size of this^ 
queue never gets very large, (the maximum size 
reached under randon traffic at 100% load was 
only 5). Therefore a slightly longer queue can be 
used, and the simple case can be used. 

There are a number of ways in which larger 
switches can be made, for example by making the 
switching element bigger and faster, or using mul- 
tipe stage switches. 

The 256 port switch just described can be 
expanded in three main ways: 

a) Running the system at a multiple of the 
data rate, and having two ports per outer stage. 


This can be achieved by having as many pins at 
the current data rat . 

b) Having twice as many connections to 
each outer stage, and having. two ports per outer 

5 stage and twice as many central stages. 

c) Using a longer multiframe cycle, to have 
more switches per stage. 

A combination of them is possible giving rise to 
a high degree of freedom in performance and size 

70 tradeoffs. 

The basic switch, can be used in a multistage 
architecture. A two stage switch of 20 of the ATD 
switches as described hereinbefore would be suffi- 
cient for a 2000 port system, provided that the 

/5 traffic is not too imbalanced. A three stage switch 
could provide a 32000 port switch. To maintain cell 
sequence integrity variable routing could not be 
used between the stages. To reduce delay jitter 
due to blocking there will have to be a greater 

20 provision of capacity between stages than on the 
input to the switch. 

The embodiment described has a number of 
advantages: 

Firstly the design of the ATD switch is synchro- 
25 nous, thus permitting two planes to be run in dual 
synchronous to check for failures. The switch 
switches data at a lower rate than that it receives 
by spreading the data out over many central 
stages. 

30 Control is only needed at the received part of 

the switch, the cells are then serf routing, with 
multiple central routes. The ATD switch is thus self 
routing. 

Furthermore the switch has both variable cell 

35 routing and cell sequence integrity. This is a very 
unusual combination, but is highly desirable. 

The ATD switch does not require very high 
technology to make it work, it being capable of 
being made with to-day's technology. 

40 Another advantage is that in the ATD switch 

described the delay on ceils is built from three 
elements, a FIXED delay depending on the port 
numbers (0 to 256 us), a pure ATD output conten- 
tion delay (0 to 105 us, all ATD switches have this), 

45 and a very small input delay (0 to 10 us). Most 
switches have many stages each exhibiting the 
ATD output contention delay. 

Finally the switch is potentially capable of 
switching non ATD, synchronous traffic. Mixed 

so mode of operation is possible. 


Claims 

55 1. An asynchronous time division (ATD) switch 

for handling a plurality of asynchronous seriaJ data 
streams having sequential data cells, the ATD 
switch comprising a plurality of input ports each 
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capable of receiving a data stream, and a plurality 
of output ports each capable of transmitting a data 
stream, and characterised in that the ATD switch 
includes a centraJ stage (20) providing a multiplicity 
of paths by means of which each data cell rec ived 
can reach its required output port, the centraJ stage 
providing both synchronous switching between the 
input and output ports and a fixed deiay for any of 
the possible paths by which a given input cell can 
pass through the ATD switch from an input port to 
an output port. 

2. A switch as claimed in Claim 1 , and further 
characterised in that it comprises a plurality of 
input ports (10) each capable of receiving an in- 
dividual one of said data streams and distributing 
the cells of that stream over N outputs, where N is 
an integer, each output of an input port being 
connected to a DMR circuit (15) as hereinbefore 
defined, each DMR circuit (15) having N inputs and 
N outputs with each output of each DMR circuit 
(15) being connected to one of a plurality of centraJ 
stage switches (20) in such a manner that each 
input port has access to ail central stage switches 
(20) over a switch cycle period defined by the 
cycle time of the DMR circuits (15), and wherein 
the central switches (20) are connected to a plural- 
ity of output ports (30) whereby the switch has both 
viable cell routing and cell sequence Integrity. 

3. A switch as claimed in Claim 2, and further 
characterised in that each central switch (20) has N 
outputs each connected to an individual one of a 
set of output DMR circuits (25) similar to the input 
DMR circuits (15), each output DMR circuit (25) 
having one of its N outputs connected to an output 
port (30). 

4. A switch as claimed in Claim 3, and charac- 
terised in that each output port (30) has N outputs. 

5. A switch as claimed in any one of the 
preceding claims and characterised in that the rate 
of data transmission within the ATD switch is 
slower than that of the incoming and outgoing data 
streams. 

6. A switch as claimed in Claim 1, and charac- 
terised in that it is capable of switching data at a 
lower rate than it receives the data by spreading 
the data over a plurality of central stages. 

7. A switch as claimed in Claim 1 , and charac- 
terised in that the switch is self routing, control only 
being required at the receive part of the switch 
which comprises the plurality of input ports. 

8. A switch as claimed in any one of the 
preceding claims and characterised in that means 
are provided for timing the ceil frames so that at 
each input stage the cell frames are staggered on 
output from the input stage and on receipt at the 
central stage. 

9. A switch as claimed in any one of the 
preceding claims and characterised in that the 


switch incorporates a control function including a 
first-in, first-out circuit for holding for each of the 
switches in the output stage a range of different 
cell addresses to which a cell can be transmitted. 

5 10. A switch as claimed in Claim 9, and 

characterised in that the control function includes a 
path finder and control circuit operation to control 
said first-on t first out circuit and on confirmation 
that a selected address is available causing the 

w appropriate cell to be transmitted via a cell sender 
circuit. 
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